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FIG. 5A

CENTRIFUGATION VS. FILTER TREATMENT
(THE NUMBER OF CELLS: 10e5)
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FIG. 9

EVALUATION OF RNA PURITY (28S/18S RATIO)
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METHOD FOR PREPARING PROTEIN, DNA,
AND RNA FROM CELL

TECHNICAL FIELD

The present invention relates to a method for preparing a
protein, DNA, and RNA from a cell. Particularly, the present
invention relates to a method for preparing, from one cell, at
least two selected from the group consisting of a protein,
DNA, and RNA. The present invention further relates to a
method for conveniently and efficiently preparing a nucleic
acid or the like from a cell.

BACKGROUND ART

Collectively areas of research, such as genomics, transcrip-
tomics, and proteomics, or areas of integrated research
thereof have been referred to as “omics” or “omics research”
in recent years.

The genomics targets genomic DNA. The genomic analy-
sis discovers DNA polymorphisms or factors contributing to
genetic disease and reveals the association of disease with
such polymorphisms, mutations, or factors.

The transcriptomics targets transcribed RNA. The tran-
scriptomic analysis reveals the correlation of gene expression
levels with disease, biological phenomena, or the like.

Furthermore, the proteomics targets proteins. The pro-
teomic analysis offers findings on the association of protein
expression levels with disease, biological phenomena, or the
like, based on the identification and quantification of particu-
lar proteins.

All of these pieces of biological information obtained by
genomics, transcriptomics, proteomics, and metabolomics
(which is based on metabolites in plasma) are comprehen-
sively analyzed to provide for efficient research. Further-
more, the obtained findings can be used very effectively in
basic research or in disease diagnosis or treatment. Thus, a
breakthrough in omics research is expected.

Moreover, it has been reported in recent years that the
molecular profiles of peripheral blood cells reflect physi-
ological and pathological transformation occurring in various
tissues in the body. Along with this, diagnosis has been
attempted by the analysis of proteins, metabolites, and gene
expression in blood cells.

Meanwhile, for example, the isolation of DNA, RNA, and
proteins from, for example, blood cells, involves initially
recovering the blood cells and further requires subsequent
complicated procedures. DNA targeted by genomic analysis
is present in nuclear membranes; RNA targeted by transcrip-
tomic analysis is present in cytoplasmic ribosomes; and pro-
teins targeted by proteomic analysis are present in cell mem-
branes, cytoplasms, nuclear membranes, and so on.
Therefore, to prepare DNA, RNA, and proteins from cells, in
general, these components are prepared through different
routes under the present circumstances. Since the preparation
of, for example, nucleic acids (DNA or RNA), targets only
these nucleic acids, other components, particularly, proteins,
are often denatured with a strong denaturant. Moreover, their
respective preparations are complicated. A convenient and
efficient extraction method has not been developed yet.

A conventional method for preparing nucleic acids will be
described below. In the conventional preparation of nucleic
acids, cells are first recovered and then lysed by physical
treatment or treatment with a surfactant. Then, impurities are
removed therefrom using an organic solvent such as water-
saturated phenol or chloroform. In this method, in general, a
nucleic acid fraction in the solution is subsequently precipi-
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tated with alcohol and further purified, if necessary, by col-
umn chromatography (Lectures on Biochemical Experiments
2 (Tokyo Kagaku Dojin), “Nucleic Acid Chemistry I” p.
74-80, p. 262-270, Gene Manipulation Manual (Kodansha
Ltd.), p. 20-23, 1982).

In this method, proteins in the cell membranes are often
denatured due to the surfactant treatment for lysing the cells.
For example, cationic, anionic, nonionic, and amphoteric sur-
factants are used as the surfactant. On the other hand, proteins
in the cytoplasms are also denatured by the phenol or chlo-
roform treatment in the conventional method. This phenol or
chloroform treatment requires the procedure of separating an
organic solvent layer and a nucleic acid layer by centrifuga-
tion or the procedure of performing column chromatography.
Moreover, phenol is toxic and causes chemical burn upon
contact with the skin. Chloroform is anesthetically active.
Therefore, this method also has the disadvantage that the
handling or disposal method of these chemicals is an issue.

Furthermore, RNA preparation requires suppressing
decomposition, because RNA is exceedingly easily decom-
posed by RNase. Therefore, a generally adopted method
includes denaturing proteins using an RNase inhibitor or a
chaotropic agent and then separating an RNA fraction based
on adsorption to silica. In fact, many commercially available
kits adopt this method. The chaotropic agent generates chao-
tropic ions (monovalent anions having a large ionic radius)
when added to an aqueous solution and has the effect of
increasing the water solubility of hydrophobic molecules.
Specific examples thereof include alkali iodide, guanidine
thiocyanate, alkali metal salts of perchloric acid, alkali metal
salts of trifluoroacetic acid, alkali metal salts of trichloroace-
tic acid, and alkali metal salts of thiocyanic acid. These chao-
tropic agents in use do not require using organic solvents such
as phenol and chloroform and therefore eliminate the prob-
lem associated with the handling of phenol or chloroform.
However, even when the chaotropic agents are used, the fact
remains that proteins are strongly denatured.

Next, DNA and RNA separation will be described. DNA is
present in nuclear membranes, and RNA is present in cyto-
plasms. Thus, cells are treated under conditions that lyse cell
membranes but do not lyse nuclear membranes to recover
only the nuclei. As a result, DNA and RNA can be separated.
As described above, ionic surfactants are used for lysing cell
membranes. Of the ionic surfactants, particularly, anionic
surfactants lyse nuclear membranes and nucleoproteins and
as such, cannot be used in the DNA and RNA separation.

A method for lysing only cell membranes without lysing
nuclear membranes is disclosed in New Lectures on Bio-
chemical Experiments 2 (ed., by The Japanese Biochemical
Society), Nucleic Acid I, Separation and Purification, p. 49. In
this method, cells are treated with NP-40 or Triton X-100 at a
final concentration of 0.3%. Furthermore, conditions for
nuclear separation described therein involve a Triton X-100
concentration of 0.3% or 1%, an NP40 concentration of 0.1 to
0.5%, and a Tween 20 concentration of 1%.

However, as seen from results of similar experiments con-
ducted by the present inventors, the obtained RNA sample
may be contaminated with DNA, and the nuclear membranes
are partially dissolved. Particularly, this tendency was appar-
ent for a small number of cells. Therefore, it is difficult for the
above method of New Lectures on Biochemical Experiments
2 to obtain a DNA or RNA sample uncontaminated with the
other component.

Moreover, Japanese Patent Application Laid-Open No.
2006-51042 discloses a method including directly subjecting
cytoplasmic mRNA to RT-PCR, wherein only cell mem-
branes are dissolved without dissolving nuclear membranes
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to separate cytoplasmic mRNA. Specifically, the disclosed
method includes suspending cultured cells for approximately
5 minutes in a solution containing 0.1 to 0.5% NP-40 as a
surfactant in 10 mM tris-HCI (pH 7.6) and then centrifuging
(1200 g, 5 min) the suspension to recover a nuclear fraction as
precipitates. However, this method is merely intended to
reduce the amount of contaminating DNA for enhancing RT-
PCR efficiency and does not completely separate DNA and
RNA.

Disclosures of other nuclear separation methods can be
referred to Patent Japanese Patent Application Laid-Open No.
H6-205676 and U.S. Pat. No. 6,718,742. Japanese Patent
Application Laid-Open No. H6-205676 discloses a method
including: adding a buffer solution containing 0.32 M sac-
charose, 5 mM magnesium chloride, 1% Triton X-100, and
0.2% sodium azide to the whole blood; then recovering nuclei
by centrifugation at 12000 rpm for 20 seconds; further lysing
nuclear membranes and nucleoproteins by treatment with a
surfactant and a protease; and then separating DNA strands
by contact with a chaotropic agent.

Moreover, U.S. Pat. No. 6,718,742 discloses that a solution
containing 1% Tween 20 in 10 mM ammonium bicarbonate
(pH 9.0) is effective for nuclear separation.

As described above, the conventional methods hardly
detected, identified, or quantified a nucleic acid and a protein
from one sample. Moreover, all of these methods were com-
plicated and did not prepare a nucleic acid or the like conve-
niently and efficiently from a cell.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a method
for preparing DNA, RNA, and a protein from one cell and a
method for conveniently and efficiently preparing a nucleic
acid or the like from a cell.

The present inventor conducted diligent studies to attain
the object and consequently devised a method which involves
nuclear separation from cells and subsequent protein or
nucleic acid separation. The present inventor further found
that this method can secure higher recovery and purity than
those of conventional preparation methods, which include
lysing the whole cells. Moreover, the present inventor devised
a method including using two filters connected to each other
to prepare a nucleic acid or the like from cells in a liquid such
as blood. As a result, the present invention has been com-
pleted.

Specifically, the present invention provides a method for
preparing, from one cell, at least two selected from the group
consisting of a protein, DNA, and RNA, including perform-
ing nuclear and cytoplasmic separation and then extracting at
least two of a protein, DNA, and RNA.

Moreover, the present invention provides a method for
preparing, from one cell, at least two selected from the group
consisting of a protein, DNA, and RNA, including: treating
the cell with a surfactant solution that lyses cell membranes
but dose not lyse nuclear membranes; and passing the treated
cell solution thus obtained through a filter including a mem-
brane having such a pore size as to be impenetrable to nuclei
but allow cytoplasmic ribosomes to pass therethrough.

Moreover, the present invention provides a cell preparation
method, including:
using a first filter having a pore size that is impenetrable to
cells but allows nuclei to pass therethrough to capture a cell on
the first filter; injecting a solution containing a surfactant onto
the first filter to cause reaction with the cell captured on the
filter; connecting a second filter having a pore size impen-
etrable to nuclei to the first filter such that the second filter is
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4

placed subsequent to the first filter; and passing a liquid
through the first filter and the second filter by pressure injec-
tion to capture the nucleus on the second filter while passing
a cytoplasmic fraction therethrough surfactant.

Moreover, the present invention provides a method for
preparing, from one cell, at least two selected from the group
consisting of a protein, DNA, and RNA, including: treating
the cell with a surfactant solution that lyses cell membranes
but dose not lyse nuclear membranes; and passing the treated
cell solution thus obtained through such a pore as to be impen-
etrable to cells but allow nuclei to pass therethrough.

The present invention achieved the preparation of at least
two selected from the group consisting of a protein, DNA, and
RNA from one cell. The present invention not only requires a
much smaller amount of samples than that required for con-
ventional preparation on a component-by-component basis,
but also eliminates operation such as centrifugation, which
requires experience and skills. Thus, highly reproducible
samples suitable for omics can be prepared conveniently in a
short time.

Moreover, since each component can be prepared in a short
time from cell collection, each component is less susceptible
to denaturation or decomposition. As a result, facilitation of
subsequent analysis can be expected.

Furthermore, the present invention can provide an
approach friendly to work environments, workers, and the
environment without the use of toxic solvents such as phenol
and chloroform or corrosive solvents such as chaotropic
agents.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart of the present invention;

FIG. 2 is a conceptual diagram of the present invention;

FIG. 3 is a conceptual diagram of the present invention;

FIG. 4 illustrates the recovery (pg/ul) of RNA prepared by
a conventional method or a method of the present invention;

FIGS. 5A and 5B illustrate the recovery of RNA after
nuclear separation performed by centrifugation or using a
filter. FIG. 5A illustrates the results obtained using 10° cells,
and FIG. 5B illustrates the results obtained using 10* cells;

FIGS. 6A and 6B illustrate results of evaluating RNA pre-
pared by a conventional method (centrifugation) and the
method of the present invention and shows DNA contamina-
tion in the conventional method;

FIG. 7 illustrates the recovery (pg/il) of an RNA fraction
obtained by the conventional method or the method of the
present invention and an rRNA content (%) in the obtained
RNA fraction;

FIG. 8 illustrates magnifications of various surfactants
relative to their CMCs and the amount of RNA extracted from
cells treated at the concentrations;

FIG. 9 illustrates a 28S rRNA/18S rRNA ratio that serves
as an index for RNA integrity;

FIG. 10 illustrates the yield (pg/il) of RNA obtained by a
double filter method (Example 7);

FIG. 11 illustrates the amount of PCR amplification prod-
ucts obtained as a result of Example 8;

FIG. 12 illustrates the amount of PCR amplification prod-
ucts obtained as a result of Example 9; and

FIG. 13 illustrates the amount of PCR amplification prod-
ucts obtained as a result of Example 10.
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BEST MODES FOR CARRYING OUT THE
INVENTION

The present invention provides a method for preparing,
from one cell, at least two selected from the group consisting
of a protein, DNA, and RNA, including performing nuclear
and cytoplasmic separation and then extracting at least two of
a protein, DNA, and RNA.

The present invention further provides a method for pre-
paring, from one cell, at least two selected from the group
consisting of a protein, DNA, and RNA, including: treating
the cell with a surfactant solution that lyses cell membranes
but dose not lyse nuclear membranes; and passing the treated
cell solution thus obtained through a filter including a mem-
brane having such a pore size as to be impenetrable to nuclei
but allow cytoplasmic ribosomes to pass therethrough.

The preparation of at least two selected from the group
consisting of a protein, DNA, and RNA from one cell refers to
preparing at least two selected from the group consisting of a
protein, DNA, and RNA from a cell or a cell group in a single
sample. Conventionally, to prepare a protein, DNA, and RNA
from the same cell type, in general, even the cells of the same
type were separately prepared into cell samples for separation
on a component-by-component basis.

Conventional centrifugation or ethanol precipitation based
on gravity or solubility is largely influenced by the environ-
ment where the cells are placed (e.g., the number of cells, salt
concentrations, glucose levels, for example, for blood). The
present invention provides for stable preparation with high
reproducibility, because separation is performed using a filter
appropriate for an organ size.

Furthermore, the conventional techniques required a plu-
rality of runs of, for example, centrifugation or ethanol pre-
cipitation manually performed by workers. Mechanization of
these procedures, i.e., automatic preparation, was practically
difficult. By contrast, in the present invention, pretreatment is
performed using a filter. Therefore, automation is achieved by
incorporating continuous operation using combined filters
into the treatment procedure. Furthermore, its application to
microfluidic techniques also achieves device orientation.

Moreover, according to the present invention, every proce-
dure from the recovery of cells in samples such as blood to the
preparation of nucleic acids or proteins can be performed
conveniently. Therefore, particularly, for mRNA, its extrac-
tion can be performed more efficiently than the conventional
methods. Since mRNA is easily decomposed by RNase
present in the environment, its expression analysis was diffi-
cult. However, according to the present invention, mRNA can
be extracted in a few minutes. Therefore, for example, blood
can be pretreated immediately after blood collection. Thus,
highly reproducible, undecomposed samples can be
obtained. Moreover, according to the present invention,
nuclear gene expression can be evaluated after separation into
nuclear and cytoplasmic fractions. As a result, highly precise
diagnosis is achieved by detailed expression analysis.

The cell targeted by the present invention is not limited by
any means as long as the cell has a nucleus. The present
invention targets every cell such as animal cells, plant cells,
bacterium-, fungus-, or tissue-derived cells, cultured cells,
blood-derived cells (e.g., white blood cells), stem cells (e.g.,
ES cells), genetically modified cells, and induced stem cells
(e.g., iPS cells). These targeted cells can be separated and
concentrated in advance. For example, blood contains a large
number of red blood cells. Therefore, when the targeted cells
are white blood cells, these white blood cells can be separated
from blood. Specifically, a method can be adopted, which
includes obtaining a bufty coat (white blood cell fraction) by
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6

centrifugation or centrifuging white blood cells as precipi-
tates after hemolysis operation. The hemolysis operation
lyses anucleate red blood cells rich in blood so as to facilitate
the subsequent separation of white blood cells by centrifuga-
tion. For example, ammonium chloride, ammonium oxalate,
or saponin is used as a hemolytic agent.

In the present invention, treatment with a surfactant solu-
tion that lyses cell membranes but dose not lyse nuclear
membranes can be performed as a method for the nucleic and
cytoplasmic separation.

Examples of the surfactant can include the followings:
cationic surfactants such as dodecyltrimethylammonium bro-
mide, dodecyltrimethylammonium chloride, and cetyltrim-
ethylammonium bromide; anionic surfactants such as sodium
dodecyl sulfate (SDS), sodium cholate, sodium dodecyl cho-
late, and N-lauroylsarcosine sodium; nonionic surfactants
such as polyoxyethylene octyl phenyl ether (e.g., Rohm and
Haas Company trade name: Triton X-100), polyoxyethylene
sorbitan monolaurate (e.g., Kao Corp. trade name: Tween
20), polyoxyethylene sorbitan monooleate (e.g., Kao Corp.
trade name: Tween 80), n-octyl-f-D-glucoside, n-octyl-p-D-
glucopyranoside, n-octylthio-f-D-thioglucopyranoside,
octylphenyl-ethoxyethanol (e.g., trade name: Nonidet P-40
(NP40)), polyethylene-lauryl ester (e.g., trade name: Brij 35),
and polyethylene glycol hexadecyl ester (e.g., trade name:
Brij 58); and amphoteric surfactants such as 3-[(3-cholami-
dopropyl)dimethylammonio]-1-propanesulfonate and phos-
phatidylethanolamine.

Among these surfactants, the anionic surfactant is known
to lyse nuclear membranes and nucleoproteins. The cationic
surfactant is also likely to apply a bias to the original biologi-
cal distribution, through its interaction with the charges of
proteins or genes. Thus, the nonionic surfactant can be used
for finally preparing all proteins, genes, and low-molecular-
weight compounds exhaustively. Particularly, the nonionic
surfactant is also suitable for the selective separation of cell
membranes and nuclear membranes. However, the present
invention is not limited to the use of only the nonionic sur-
factant. After identification of the substance to be examined,
the anionic surfactant or the cationic surfactant may be used
appropriately in a portion of the process as a more efficient
preparation method. Moreover, the surfactant can have a con-
centration not lower than its CMC (critical micelle concen-
tration) and within 10 times its CMC (critical micelle con-
centration). Particularly, the surfactant can have a
concentration 1 to 5 times its CMC (critical micelle concen-
tration).

The treatment of the cell with the surfactant used in the
present invention may be performed by suspending cells
recovered by centrifugation or the like in the surfactant solu-
tion or by suspending the cells in saline or the like to adjust the
amount of the surfactant to the desired final concentration.
However, the surfactant concentration in the cell solution is
temporarily made nonuniform by the addition of the surfac-
tant at a high concentration. Thus, the high-concentration
portion might lyse not only cell membranes but also nuclear
membranes. Therefore, the method of the present invention
can further include mixing the cell solution with the surfac-
tant uniformly dispersed by stirring or the like such that the
partial high-concentration region is absent. Moreover, the
surfactant concentration in the mixed solution can also be
prevented from exceeding the concentration described above
by using a solution of the surfactant at a concentration 1 to 5
times its CMC in advance.

Moreover, the cell recovery is performed by recovering
cells by centrifugation as described above. In addition, the
cell recovery may be performed by: passing cells through a
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filter having a pore size smaller than the cell size to capture the
cells on the filter; then dissociating the cells from the filter;
and recovering the cells as a suspension.

Moreover, to perform nucleic and cytoplasmic separation,
cells are treated with the surfactant solution, and the treated
solution can further be subjected to separation using a filter.

The material and pore size of the filter for separation are not
particularly limited. The filter can have such a pore size as to
be impenetrable to nuclei but allow organs (e.g., cytoplasmic
ribosomes) to pass therethrough.

Phagocytes have a size of 7 um or larger (neutrophils) or 6
um or larger (lymphocytes or macrophages). The nucleus
present therein has a size of 6 um or smaller. Therefore, the
filter pore size that recovers nuclei and allows cytoplasms to
pass therethrough can be 5 pm or smaller, which permits
sufficient separation therefrom.

Moreover, ribosomes themselves contained in cytoplasms
have a diameter on the order of 20 nm. However, these ribo-
somes are often found as a cluster of 10 to 20 ribosomes
bound as a polysome to mRNA. Therefore, ribosomes to be
passed through the filter have a size 0of 0.1 pm to 0.2 um. Thus,
the filter can have a pore size of 0.2 pm to 5 um, particularly,
0.2 to 1 um. The filter can be made of any hydrophilic mate-
rial. For example, polyvinylidene fluoride, polyether sulfone,
polycarbonate, polytetrafluoroethylene, and cellulose-mixed
ester can be used.

Moreover, the preparation method of the present invention
is a method for preparing, from one cell, at least two selected
from the group consisting of a protein, DNA, and RNA,
including: treating the cell with a surfactant solution that lyses
cell membranes but dose not lyse nuclear membranes; and
passing the treated cell solution thus obtained through such a
pore as to be impenetrable to cells but allow nuclei to pass
therethrough.

By these treatments, extranuclear substances (e.g., cell
membranes) that have been lysed by the surfactant but still
attached to the nuclei can be dissociated favorably from the
nuclei. This can promote homogenization of the solution.

Moreover, the preparation method of the present invention
can further include homogenizing the treated cell solution,
particularly before the nucleic and cytoplasmic separation.
The homogenization of the treated cell solution refers to
crushing solid matter into sufficiently fine pieces to provide
for the uniform state of the contents.

The homogenization of the treated cell solution can be
performed by passing the treated cell solution through an
injection needle plural times. In this case, the gage of the
injection needle is not particularly limited. For example, 21G
(inside diameter: 0.57 mm) or 25G for tuberculin (inside
diameter: 0.32 mm) can be used suitably.

Alternatively, the homogenization of the treated cell solu-
tion can also be performed by passing the treated cell solution
through a channel having a pore size that is impenetrable to
cells but allows nuclei to pass therethrough. Examples of such
a channel can include microchannels and filters. Examples of
the filters can include filters having a pore size of 1.0 pm to 8.0
um, particularly a pore size of 1.0 to 5.0 um.

In this way, the surfactant-treated cell solution can be
passed, before the filter separation into nucleus and cyto-
plasm solutions, through a channel having a pore size that is
smaller than the cell size and larger than the intracellular
nucleus size so as to achieve homogenization that permits
favorable separation of nucleus and cytoplasm solutions. This
channel having a pore size that is impenetrable to cells but
allows nuclei to pass therethrough may be connected to the
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filter including a membrane having such a pore size as to be
impenetrable to nuclei but allow cytoplasmic ribosomes to
pass therethrough.

The present invention also provides a cell preparation
method, including: using a first filter having a pore size that is
impenetrable to cells but allows nuclei to pass therethrough to
capture a cell on the first filter; injecting a solution containing
a surfactant onto the first filter to cause reaction with the cell
captured on the filter; connecting a second filter having a pore
size impenetrable to nuclei to the first filter such that the
second filter is placed subsequent to the first filter; and pass-
ing a liquid through the first filter and the second filter by
pressure injection to capture the nucleus on the second filter
while passing a cytoplasmic fraction therethrough.

The cell described here is a cell contained in a liquid.
Specifically, possible cells are, for example, cells contained in
blood, lymph, or other body fluids, liquid-cultured cells, or
cells suspended in a medium, a buffer solution, or other
solutions. The type of the cell is not limited by any means as
long as the cell has a nucleus. Examples of the cell include
those exemplified above. However, in light of the object of the
present invention, blood may be targeted as the liquid. Par-
ticularly, white blood cells in blood can be used as a target.

Examples of the first filter having a pore size that is impen-
etrable to cells but allows nuclei to pass therethrough can
include filters having a pore size 0of 1.0 to 8.0 um, particularly,
a pore size of 1.0 to 5.0 um. The filter can be made of any
hydrophilic material. Examples thereof include those exem-
plified above.

Moreover, the capture of the cell on the first filter refers to
allowing the cell to remain on the filter, for example, as a
result of charging a cell-containing solution onto the filter and
passing the cell through the filter by pressure application
using a syringe or a pump.

The injection of a solution containing a surfactant to cause
reaction with the cell captured on the filter refers to bringing
a surfactant solution that lyses cell membranes but dose not
lyse nuclear membranes, into contact with the first filter by
injection to treat the cell captured on the first filter with the
surfactant upon contact. Examples of the surfactant can
include those exemplified above. Moreover, the surfactant
can have a concentration not lower than its CMC (critical
micelle concentration) and within 10 times its CMC (critical
micelle concentration). Particularly, the surfactant can have a
concentration 1 to 5 times its CMC (critical micelle concen-
tration). During the reaction, stirring or the like can also be
performed appropriately to promote the reaction.

Examples of the second filter having a pore size impen-
etrable to nuclei can include filters having a pore size of 0.2
umto 5.0 um, particularly, a pore size 0of 0.2 umto 1.0 pym. The
filter can be made of any hydrophilic material. Examples
thereof include those exemplified above.

The connection of the second filter having a pore size
impenetrable to nuclei to the first filter such that the second
filter is placed subsequent to the first filter refers to connecting
the second filter downstream of the first filter. In this case, the
first filter and the second filter may be connected via a stop-
cock, a syringe, a tube, a filter, or other instruments for con-
nection. The first filter and the second filter connected with
each other may be referred to herein as a “double filter”.

The passing of a liquid through the first filter and the
second filter by pressure injection refers to injecting a buffer
solution, a medium, saline, or other solutions from upstream
of the first filter and the second filter connected with each
other, i.e., from upstream of the first filter, under pressure. As
a result, the nucleus in the cell that has been captured on the
first filter and whose cell membrane has been lysed is cap-



US 9,169,480 B2

9

tured on the second filter, while a cytoplasmic fraction passes
through the second filter, as described above. By this proce-
dure, nuclei and cytoplasms are separated.

The passing through the second filter is also expected to
have the effect of homogenizing the treated cell solution.
Specifically, since nuclear membranes are more robust than
cell membranes, cell membranes insufficiently lysed by the
surfactant treatment are sufficiently lysed by passing through
the second filter. As a result, nuclei and cytoplasms are sepa-
rated more efficiently.

The two filters used in the present invention can be approxi-
mately equal in size, or the second filter has a smaller area.
This is because the homogenization effect is enhanced by
resistance occurring to an extent during the pressure applica-
tion. However the area ratio therebetween can be 50% or
lower.

The analysis of gene expression in cells is very useful. On
the other hand, nuclear mRNA and cytoplasmic mRNA differ
in their functions and must be separated for evaluation in
some cases. In the present invention, nuclear gene expression
can be evaluated after separation into nuclear and cytoplas-
mic fractions. As a result, highly precise diagnosis is achieved
by detailed expression analysis.

Moreover, cells contained in a liquid may be separated by
centrifugation. However, in such a case, the cellular fraction
coexists with the liquid components. To accurately set the
surfactant concentration for nucleic and cytoplasmic separa-
tion, contamination with the liquid largely influences repro-
ducibility or yields. Moreover, when the sample is blood, a
hemolytic agent must be used, which might however have
adverse effect on sample preparation. A possible method to
completely remove the contaminating liquid utilizes a filter in
cell separation. However, the procedure of dissociating, from
the filter, white blood cells captured on the filter may be added
for suspending the cell spheres in the surfactant solution. Its
efficiency determines reproducibility. To solve this problem,
the surfactant can be reacted with the cell on the filter without
dissociating the cell captured on the filter. This eliminates the
problem.

Furthermore, the cytoplasmic fraction that has passed
through the two filters can be reacted with an oligo(dT)-
bound support. As a result, mRNA can be recovered conve-
niently.

In the present invention, as a result of diligent studies, it
was found that mRNA in the cytoplasmic fraction is present
separately from proteins, at an appropriate surfactant concen-
tration and also found that by use of the poly(A) of the
mRNA, the mRNA can be recovered directly using the oligo
(dT) support.

As a result, the conventional methods required 10 or more
steps for extracting a total RNA fraction and subsequent
mRNA recovery using oligo(dT) beads, whereas the present
invention provided for a very convenient method requiring
less time, which merely involves passing the surfactant solu-
tion through the two cell-immobilized continuous filters and
binding the pass-through fraction to the oligo(dT) beads for
recovery.

According to this method, the cytoplasm solution sepa-
rated through the filter from the nucleus is reacted directly
with the oligo(dT)-bound support without extracting an RNA
fraction. As a result, mRNA can be recovered efficiently in an
exceedingly short time.

The concentration of the surfactant used here is appropri-
ately not lower than its CMC (critical micelle concentration)
and within 10 times its CMC (critical micelle concentration),
particularly, 1 to 5 times its CMC. At a high surfactant con-
centration, nuclei are lysed, resulting in a reduced yield dueto
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DNA blocking the filter pores. In this context, the oligo(dT)-
bound support is a support bound with oligo(dT). Examples
thereof can include magnetic beads and resin beads.

Furthermore, the cytoplasmic fraction that has passed
through the two filters can be used in protein analysis. Fur-
thermore, a fraction that has been unbound with the oligo(dT)
can be used in protein analysis. The analysis described here is
not particularly limited and refers to, for example, quantifi-
cation of proteins, quantitative or qualitative analysis of par-
ticular proteins, or exhaustive analysis of proteins.

The present invention also provides a kit or a microdevice
configuration for performing the method described above.

FIGS. 1, 2, and 3 illustrate the principle and procedures of
the present invention. FIG. 1 will be described. Cells are
treated with a surfactant solution that lyses cell membranes
but dose not lyse nuclear membranes. The resulting solution
is further separated into a filter-captured fraction and a pass-
through fraction by passing through a filter including a mem-
brane having such a pore size to be impenetrable to nuclei but
allow cytoplasmic ribosomes to pass therethrough. The filter-
captured fraction is nuclei, and the pass-through fraction con-
tains cytoplasms. Nucleic acids can be extracted from the
nuclei, and DNA can be extracted from the nucleic acids. On
the other hand, protein components and RNA can be obtained
from the cytoplasms.

Next, FIG. 2 will be described. FIG. 2 is a diagram illus-
trating the principle of nuclear and cytoplasmic separation.
The method of the present invention does not adopt cell lysis
or centrifugation performed in the conventional methods. In
the method of the present invention, cell membranes are lysed
without lysing nuclear membranes, and the resulting solution
is passed through a filter to capture the nuclei on the filter
while ribosomes and cytoplasms are obtained as a pass-
through fraction.

FIG. 3 is a conceptual diagram illustrating a method with
peripheral blood as an example, which includes using a first
filter and a second filter to separate white blood cells and
nuclei from cells in peripheral blood.

In this diagram, peripheral blood is first hemolyzed in a
hypotonic solution supplemented with distilled water or the
like. This solution is passed through a filter (first filter) having
a pore size capable of capturing white blood cells to recover
only white blood cells. The suitable range of the pore size of
the first filter is 1.0 um to 8.0 um and can be 3.0 um to 5.0 um.
Then, the filter can be washed with saline or a buffer solution
to wash off components that become a noise in expression
analysis, such as globin in red blood cells. In principle, cells
captured on the filter may be recovered temporarily and sub-
jected to subsequent treatment. In actuality, the whole amount
of'the cells is difficult to completely recover, resulting in poor
quantitative performance. Thus, in the present invention, the
cells on the filter are reacted with a surfactant.

Next, the surfactant-treated solution is passed through a
second filter having a pore size that is smaller than the cell size
and larger than the nucleus size. By passing through the filter
pores under pressure, cell membranes dissolved by the sur-
factant are lysed, while nuclear membranes that are undis-
solved by the surfactant and are relatively robust against
physical stimulation such as pressure application pass
through the filter pores without being lysed. As aresult, nuclei
and cytoplasms are separated such that only the nuclei are
captured on the second filter while the cytoplasms pass
through the second filter. In this case, the treated solution is
homogenized by passing through the second filter to com-
pletely lyse the cell membranes. This effect was found by the
present inventors by focusing on the fact that nuclear mem-
branes are more robust against physical stimulation than cell
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membranes. The cell membranes may be lysed by passing
through an injection needle. In such a case, since an injection
needle having an inside diameter of several hundreds of
microns is several tens of times thicker than the cell size, the
degree of cell membrane lysis varies depending on speeds of
injection needle’s to-and-fro movements or cell concentra-
tions. However, according to the method of the present inven-
tion, the cell membranes could be lysed more stably.

The second filter has a pore size that is smaller than the cell
size and larger than the nucleus size. The pore size is specifi-
cally 1.0 pm to 8.0 um and can be 1.0 um to 5.0 ym. In the
present diagram, the method using a filter is described. How-
ever, any of other methods including moving cells through
space narrower than the cell size can be used, such as a
method using microfluidics.

The present invention will be further described with refer-
ence to Examples shown below.

EXAMPLES

A conventional nuclear separation method is described in
Lectures on Biochemical Experiments 2 (Tokyo Kagaku
Dojin),“Nucleic Acid Chemistry I” p. 74-80, p. 262-270. In
this method, cells are treated with 0.3% NP40 or 0.3% Triton
X-100 to dissolve the cell membranes while preserving the
nuclear membranes. Then, a nuclear fraction is recovered by
low-speed centrifugation. However, this method cannot com-
pletely preserve all the nuclei, although the nuclei can be
recovered reliably. In some cases, some nuclei are observed to
belysed, resulting in leakage of DNA. This method is suitable
for the purpose of recovering only intact nuclei for nuclear or
nuclear membrane research and is however inappropriate for
the purpose of completely fractionating nuclei and cyto-
plasms, because the cytoplasms may be contaminated with
the nuclear components. Other surfactants such as Tween 20
are also disclosed. However, all of the disclosures merely
specify a preferable surfactant concentration region by wt %,
regardless of surfactant types, and make no mention of sur-
factant selection or grounds for determining the concentra-
tion of the surfactant. Moreover, none of these disclosures
make a mention of the association of concentrations of vari-
ous surfactants with their CMCs. Thus, the determination of
conditions for nuclear and cytoplasmic separation requires
more detailed study and trial and error, including evaluation
methods thereof.

The present inventors prepared a dilution series of a sur-
factant in Examples below and observed cell morphology at
each concentration of the surfactant. The present inventors
further predicted a concentration at which cell membranes are
dissolved with nuclear membranes preserved, based on the
amount of total RNA extracted from cytoplasms, the amount
of contaminating DNA, and the quality of rRNA occupying
the large majority of total RNA as evaluation criteria. First,
the interaction between various nonionic surfactants and cells
was grasped by the morphological observation of the cells in
solutions containing varying concentrations of the surfac-
tants. Specifically, the interaction between various surfac-
tants and cells was confirmed by the morphological observa-
tion of the cells in this environment. As a result, it was found
that the cells exhibited three morphologies with change in the
concentration of any of the surfactants. These three mor-
phologies were predicted to be three states: (i) a state where
both the cell membranes and the nuclear membranes are
preserved; (ii) a state where the cell membranes are dissolved
while the nuclear membranes are preserved; and (iii) a state
where both the cell membranes and the nuclear membranes
are dissolved. The surfactant concentration at which the cells
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exhibit the state (ii) largely differs depending on surfactant
types. It was found that the lowest surfactant concentration at
which the state (i) could be detected, during shift from the
low to high regions of the concentration, exceedingly favor-
ably correlated with the CMC (critical micelle concentration)
of'each surfactant. The CMC (critical micelle concentration)
refers to the minimal concentration of each surfactant at the
interface necessary for forming a micelle of the surfactant.
The CMCs of typical surfactants are 0.015% (Triton X-100),
0.018% (NP40), and 0.007% (Tween 20).

As aresult of Examples, a surfactant concentration suitable
for nuclear separation was determined to be much lower than
that as a nuclear separation condition in other methods dis-
closed as the prior art. In the prior art, the surfactants are used
at concentrations corresponding to 0.3% for Triton X-100,
which is 20 times its CMC, 0.1 to 0.5% for NP40, which are
5 to 27 times its CMC, and 1% for Tween 20, which is 143
times its CMC. Even given that the surfactants differ in their
properties, all these concentrations are 0.1 to 1% (particu-
larly, 0.1 to 0.5% in most cases) in simple indication in wt %
and are however indicated in a wider variety of numeric
values from 5 times to 143 times from the viewpoint of CMC.

In the present Examples, cell membranes start to be dis-
solved by the treatment of the cells with a surfactant at a
concentration higher than its CMC, and the dissolution of
their nuclear membranes is not observed until a surfactant
concentration is about 10 times its CMC. Therefore, a surfac-
tant concentration suitable for dissolving cell membranes was
determined to be a concentration equal to or lower than 10
times its CMC.

The region of surfactant concentrations at which only cell
membranes are dissolved while nuclear membranes are not
dissolved differs depending on surfactant types. In most
cases, the cells exhibit the state (ii) at a surfactant concentra-
tion up to 10 times the CMC and are placed at risk of solubi-
lizing the nuclear membranes at a surfactant concentration
equal to or higher than 10 times the CMC. Research aimed at
nuclear membranes is intended to prevent contamination with
cytoplasmic components. For preventing the contamination
of cytoplasms with nuclear DNA, it is important to com-
pletely preserve nuclear membranes. Thus, it was shown that
the appropriate setting of a surfactant concentration was
important. Hereinafter, Examples will be described in more
detail. In Examples below, concentrations indicated in %
refer to concentrations by wt %, unless otherwise specified.

Example 1

Cultured Cells; K562 cells were grown in RPMI 1640
containing 10% FBS, 500 units/ml penicillin, and 500 pg/ml
streptomycin and subcultured twice a week at a ratio of
approximately 1:10. The cells were recovered, then washed
with a PBS solution, and then suspended at a concentration of
10° cells/ml in a PBS solution.

Surfactant; PIERCE Surfact-Pak Surfactant Sampler Kit was
purchased, and 10%, 1%, 0.1%, and 0.01% solutions of each
surfactant were prepared.

The surfactant solutions and PBS were added to each well
of'a microtiter plate to prepare a dilution series of each sur-
factant (12 dilutions of 0.0025, 0.005, 0.0075, 0.025, 0.05,
0.075,0.25,0.5,0.75, 2.5, 5, and 7.5%; 100 ul each). To each
of these surfactant solutions, 100 pl of the cell suspension
(approximately 10° cells/ml) was added, and the cells and the
surfactant were mixed by gently shaking the microtiter plate.

Then, the morphology of the cells in each well was
observed under a phase-contrast microscope. In this context,
cells nonsupplemented with the surfactant were used as a
control.
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The results are shown in Table 1. In the absence of the
surfactant or at an exceedingly low concentration thereof, the
cells have a clear outline and contain, in the central part, a
portion regarded as a nucleus differing in contrast therefrom
(indicated in + in Table 1). With rise in surfactant concentra-
tion, the cell outline, albeit obscure, can be detected (not
shown in Table 1), although the contrast of the central part is
reduced. At a further higher surfactant concentration, the
outlines of the cells and the nuclei cannot be differentiated
from their surrounding solution, and the cells are incorpo-
rated in the surrounding solution and thus, cannot be detected
(indicated in — in Table 1). Along with this change in cell
morphology, the cells in a region less influenced by the sur-
factant tend to aggregate with each other and localize. How-
ever, these cells are dispersed with rise in surfactant concen-
tration.

These states were predicted to be three states: (i) a state
where both the cell membranes and the nuclear membranes
are preserved (indicated in + in Table 1); (ii) a state where the
cell membranes are dissolved while the nuclear membranes
are preserved (not shown in Table 1); and (iii) a state where
both the cell membranes and the nuclear membranes are
dissolved (indicated in - in Table 1). The surfactant concen-
tration at which the cells exhibit the state (ii) largely differs
depending on surfactant types. It was found that the point
(surfactant concentration) at which the contrast at the cell
center starts to become obscure, during shift from the low to
high regions of the concentration, very highly correlates with
the CMC (critical micelle concentration) value of each sur-
factant. This tendency was also reproduced at varying num-
bers of cells. However, when Triton X-114 was used, the cells
were unsuccessfully observed due to its high cloud point.
Moreover, since the Tween series have exceedingly low
CMC, their dilution precision could not be secured.

This phenomenon is presumably because, for example, the
cell membranes were dissolved at a surfactant concentration
around the CMC, and as a result, the cell morphology was
deformed such that the bulge of the nuclei was flattened.

TABLE 1

10

15

20

25

30

35

40

14
Example 2

If the prediction described above is correct, it is expected
that the low-speed centrifugation of the solution of the cells in
the state (ii) precipitates the nuclei while a cytoplasmic frac-
tion is recovered as a supernatant. Provided that neither the
cell membranes nor the nuclear membranes are dissolved, the
cells are present as precipitates and RNA should not be
extracted from the supernatant. By contrast, when both of
these membranes are dissolved, the supernatant should pro-
duce the same results as those obtained by the complete
dissolution of the cells.

Thus, from among the surfactants used in Example 1, Tri-
ton X-100, Brij 35, Brij 58, octyl-thioglucopyranoside
(OTG), and CHAPS were selected and separately prepared
into 0.025,0.11,0.01, 0.28, and 0.5% PBS solutions, to which
10° K562 cells were in turn added. Table 2 shows the amounts
of various solutions used in the experiment.

TABLE 2
Each detergent 1% stock solution PBS Cell (10%/ml of PBS)
Triton X-100 Sul 95 ul 100 pl
Brij35 22 78 100
Brij58 2 98 100
OTG 56 44 100
CHAPS 100 0 100

Then, the solutions were centrifuged at 500 g for 3 minutes,
and the supernatants were recovered. RNA was recovered
from the supernatants using Qiagen RNeasy™ Mini Kit. Spe-
cifically, 200 pl of RLT solution included in the kit was added
to 200 pl of each supernatant obtained by centrifugation. The
RNA fraction was adsorbed onto a column by the addition of
350 pl of 70% ethanol. Then, the column was washed with a
washing solution included therein according to the recom-
mended protocol. Finally, RNA was eluted and recovered
using 30 ul of RNase-free distilled water.

On the other hand, RNA was extracted as a control experi-
ment using a general-purpose reagent kit for direct RNA
extraction from cells without nuclear fractionation, and the

Dilution ratios of various detergents and morphology of K562 cells treated at the concentrations

x1 x 0.1 x 0.01 x 0.001 eMc | Cloud Point

Concentration| 7.5 [ 5.0 | 25 75]5.025]75(50[25] 75| 5025 (%) “C)
TritonX-100 - - - - + | +| +| 0015 64
TritonX-114 0.011 23
NP 40 + | + [ 0.018 80
Tween 20 + | + | 0.007 >100
Tween 80 + | +] 0.002 >100
Brij 35 + 1 + | o011 95
Brij 58 + | + | 0.009 -

oG + | + | 067 >100
oTP + | + | 028 >100
CHAPS + | +| 047 >100

OG: Octyl-Clucoside
OTP: Octyl-Thiopyranoside
=+ Cells aggregated with each other and had different color in their centrol parts.

i Cells were dispersed, and the outline of each cell was observed bit its central part was difficult to differentiate.

- The outline was also lost
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amount of RNA extracted was compared therewith. Specifi-
cally, RNA was extracted using RNeasy™ Mini Kit accord-
ing to the protocol. The protocol involves: subjecting 100 pl
of'a cell suspension to centrifugation at 300 g for 5 minutes to
recover cells, which are then homogenized by the addition of
350 wl of RLT solution; adsorbing the RNA fraction onto a
column by the addition of 350 pul 0f'70% ethanol; and washing
the column with a washing solution, followed by elution with
distilled water.

The eluted RNA was analyzed using Agilent BioAna-
lyzer™ RNA 6000 Pico Kit. The results are illustrated in FIG.
4.

All the surfactants exhibited a higher recovery rate than
that of RNA extraction from the whole cells. This can suggest
that the nuclear fractionation can prevent large-scale con-
tamination with macromolecules (i.e., DNA) contained in the
nuclei, and as a result, RNA is recovered easily.

Example 3

Next, the replacement of filter treatment for the centrifu-
gation performed in Example 2 was studied. After the surfac-
tant treatment performed in Example 2, cells were (i) centri-
fuged in the same way as in Example 2 or (ii) homogenized
through an injection needle and then passed through Milli-
pore Millex LG (hydrophilic PTFE, pore size: 0.2 pum) to
recover a pass-through fraction. Then, in the same way as in
Example 2, the RNA fraction was adsorbed, by the addition of
200 wl of RLT solution and 350 pl of 70% ethanol, onto a
column included in the kit, which was then washed with a
solution included therein, followed by total RNA recovery.
The same K562 cells as in Example 2 were used in this study
at cell numbers of 10° and 10*. The different numbers of the
cells were used because the number of white blood cells
varies by approximately 10 times in disease patients and
further because the centrifugation of a small number of cells
would easily lyse the cells due to their collision with the wall.

However, in this Example, the concentrations of all surfac-
tants were adjusted to concentrations 2 times their CMCs (in
Example 2, only Triton X-100 was used at a concentration 2
times its CMC, and the other surfactants were used at con-
centrations 1 time their CMC values). Table 3 shows the
amounts of the solutions used. The results are illustrated in
FIGS. 5A and 5B.

TABLE 3
Each detergent 1% stock solution PBS Cell (10%ml of PBS)
Triton X-100 6 ul 94 ul 100 pl
Brij35 44 56 100
Brij58 4 96 100

As a result of evaluation using BioAnalyzer™ RNA 6000
Pico Kit, the recovery using the filter in all the cases exhibited
a higher RNA recovery rate than that obtained by centrifuga-
tion. Even when the amount of nucleic acids was almost the
same or larger for centrifugation, these recovered products
were shown to not only contain RNA but also be contami-
nated with DNA (rRNA ratio and 28S/18S ratio). Particularly,
the final products recovered by centrifugation from a small
number of cells had an RNA content to an extent where
somewhat RNA peaks were observed on the DNA back-
ground.

FIGS. 6A and 6B illustrates results of centrifugation (FIG.
6A) or filter treatment (FI1G. 6B) after treatment with Triton
X-100. The eluates at 33 seconds and around 40 seconds are
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18S rRNA and 28S rRNA, respectively. Since longer nucleic
acid components detected in the sample after centrifugation
are deleted by DNase I treatment, these components can
probably be relegated as DNA.

Example 4

RNA recovery was compared between another conven-
tional method (free from nuclear fractionation) and the
method of the present invention. The most general RNA
extraction method involves: using guanidine thiocyanate to
strongly denature all protein fractions containing even RNase
in samples after cell lysis; and performing phenol/chloroform
extraction after such inhibition of RNA decomposition. This
method is regarded as being capable of extracting RNA most
stably. This method was compared with the method of the
present invention.

Ambion mirVana PARIS™ Kit elutes RNA through the
procedures of: dissolving cells in a cell-lysing solution; then
denaturing proteins with guanidine thiocyanate; then per-
forming phenol/chloroform extraction; adsorbing the RNA
fraction onto a glass fiber column by the addition of ethanol to
the aqueous solution fraction; and washing the column in
several stages.

Alternatively, Ambion PARIS™ Kit involves the same
operation to the guanidine thiocyanate treatment as in the
mirVana PARIS™ Kit and however elutes RNA through the
phenol extraction-free procedures of adsorbing the RNA-
containing fraction onto a glass fiber column by the addition
of ethanol, followed by washing.

These kits were used to extract RNA from 10° K562 cells
according to the recommended protocol. Furthermore,
according to the procedures described in Example 3, cells
after treatment with Triton X-100, Brij 35, or Brij 58 were
homogenized and then passed through a filter to obtain a
pass-through fraction, from which an RNA fraction was then
extracted by column adsorption. The recovery of the obtained
RNA fraction, the content of rRNA (which corresponds to
almost the total RNA amount) in the extracted RNA fraction,
and a 28S/18S ratio (higher 28S/18S ratio indicates that more
RNA is extracted without being decomposed) were compared
between these methods. Of them, the results as to the recovery
of'the RNA fraction and the content of rRNA in the prepared
nucleic acid fraction are illustrated in FIG. 7.

The results indicate that the method of the present inven-
tion dose not always achieve the maximum recovery of the
RNA fraction and the extraction using the mirVana PARIS™
Kit offers a higher recovery. However, the RNA fraction
obtained as an eluate using the mirVana PARIS™ Kit had a
low rRNA content. Both the PARIS™ Kit and the mirVana
PARIS™ Kit yielded an rRNA content of 30% or lower,
whereas the RNA fraction extracted by the method of the
present invention had an rRNA content as high as 50% or
higher, demonstrating that the actual RNA content occupying
the obtained RNA fraction is high.

Thus, the existing methods including extracting the desired
fraction after lysis of the whole cells were found to have poor
extraction efficiency and be inferior in the amount and quality
of RNA in the extract. The method of the present invention
including extracting RNA after nuclear fractionation by sur-
factant treatment and filter treatment was demonstrated to be
superior thereto in terms of both the amount and the quality.

Example 5

Previously reported conditions of surfactant concentra-
tions for nuclear and cytoplasmic separation are 0.3% NP40,
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0.3% Triton X-100, and 1% Tween 20. Since their CMCs are
0.018% (NP40), 0.015% (Triton X-100), and 0.0074%
(Tween 20), the previously reported conditions correspond to
17 times, 20 times, and 135 times their CMCs, respectively.

An experiment was conducted in the same way as in
Example 3 at varying concentrations of surfactants for the
purpose of determining a surfactant concentration range rela-
tive to the CMC effective for fractional dissolution in which
nuclear membranes are preserved while cell membranes are
dissolved. The experiment was conducted under conditions
of the surfactant concentrations set to 1, 2, 5, 10, 20, and 30
times their CMCs.

The experiment results are illustrated in FIGS. 8 and 9.
FIG. 8 illustrates the recovery of RNA. FIG. 9 illustrates the
quantitative ratio between 28S rRNA and 18S rRNA. Since
28S rRNA and 18S rRNA are 4800 bp and 1900 bp, respec-
tively, in base length, the quantitative ratio between 28S
rRNA and 18S rRNA is theoretically calculated as 2.5.

In fact, higher surfactant concentrations tend to improve
extraction efficiency (Triton X-100 and NP40). However, the
18S/28S rRNA ratio is 2 or more up to a surfactant concen-
tration 5 times the CMC, whereas this ratio is declined around
a surfactant concentration 5 to 10 times the CMC, indicating
increase in the amount of decomposition products. Based on
these results, the optimum surfactant concentration is 1 to 10
times the CMC and can be equal to or lower than 5 times the
CMC.

Example 6

In the same way as in Example 3, cells were treated with
each of three surfactants Triton X-100, Brij 35, and Brij 58.
Then, mRNA was extracted from a cytoplasmic lysate
obtained as a filter-pass-through fraction. Specifically,
mRNA was extracted using TAKARA Oligotex-dT30 super
mRNA Purification Kit according to the recommended pro-
tocol. The successful mRNA extraction was confirmed by
analysis using Agilent BioAnalyzer™.

Example 7

Cultured Cells; K562 cells were grown in RPMI 1640 con-
taining 10% FBS, 500 units/ml penicillin, and 500 pg/ml
streptomycin and subcultured twice a week at a ratio of
approximately 1:10. The cells were recovered, then washed
with a PBS solution, and then suspended at a concentration of
109 cells/ml in a PBS solution. This cell suspension was
injected at a cell number of 10°, 5x10°, 10°, or 5x10*to a filter
Millex SV manufactured by Millipore Corp. (filter diameter:
25 mm, pore size: 5 um) to immobilize the cells onto the filter.
Next, this filter was connected to a filter Millex HV manufac-
tured by Millipore Corp. (filter diameter: 13 mm, pore size:
0.45 pum) such that the Millex HV filter was placed under the
Millex SV filter. A PBS solution of a surfactant was pressure-
injected in an amount of 400 pl from the inlet of the Millex SV
using a syringe. The surfactant was 0.075% Triton X-100,
0.55% Brij 35, or 0.043% Brij 58. All of these concentrations
correspond to 5 times the CMCs of the surfactants.

Approximately 400 pl of components that passed through
the two filters was recovered. The RNA fraction was
adsorbed, by the addition of 400 pl of RLT solution and 700
ul of 70% ethanol, onto a column included in RNeasy™ Mini
Kit in the same way as in Example 2. Total RNA was recov-
ered according to the protocol of the kit.

The eluted total RNA was analyzed using Agilent BioAna-
lyzer™ RNA 6000 Pico Kit. The results are illustrated in FIG.
10.
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Approximately 5000 pg/ul or higher RNA was obtained
using Triton X-100, indicating that the homogenization using
the double filter is effective.

Example 8
mRNA Extraction

From the RNA fraction obtained in Example 7, mRNA was
extracted using Qiagen FastTrack™ MAG Micro mRNA Iso-
lation Kit. Specifically, 170 ul of distilled water was added to
30 pl of the RNA extracted using RNeasy. mRNA was bound
to oligo(dT) bound with MAG Beads by the addition of 200 ul
of'a binding buffer solution and 30 ul of the MAG Beads. The
beads were washed with a washing bufter included therein.
Then, mRNA was recovered using 30 pl of RNase-free water.
From 4 pl of the extracted mRNA, cDNA was further synthe-
sized using Invitrogen SuperScript™ First-Strand Synthesis
SuperMix according to the protocol.

Next, whether or not cDNA was synthesized was con-
firmed through PCR reaction using GAPDH and (3-actin gene
primers (QuantiTest Primer Assay manufactured by Qiagen
GmbH). Forty PCR cycles each involving 95° C. for 5 sec-
onds and 60° C. for 10 seconds were performed with 3 pl of
c¢DNA from the Triton X-100-extracted product as a template.
The amount of amplification products was evaluated using
BioAnalyzer™. With increase in initial cell number (5x10%,
10°, 5x10°, and 10°), the concentration of PCR amplification
products (GAPDH) monotonically increased from 9 to 22
ng/ul. PCR amplification was also confirmed for Brij 35 and
Brij 58 (the same level as in Triton X-100), demonstrating that
mRNA was present in the RNA fraction extracted by the RNA
extraction method using the double filter (FIG. 11).

Example 9

Direct mRNA recovery from the eluted surfactant solution
that passed through the double filter in Example 7 was
attempted by adding 30 pl of FastTrack™ MAG beads to the
eluted solution without extracting an RNA fraction there-
from. In the experiment, 10° cells were used. The procedures
are the same as in Example 8. Moreover, subsequent cDNA
synthesis and PCR amplification reaction were also per-
formed in the same way as in Example 8. The concentrations
of PCR amplification products from the Triton X-100 solu-
tion were 14 ng/pl (f-actin) and 25 ng/ul (GAPDH). Brij 35
yielded concentrations of 26 and 29 ng/ul, respectively. Brij
58 yielded concentrations of 25 and 34 ng/ul, respectively. It
was thus demonstrated that mRNA could be extracted at the
same level as in Example 8 (FIG. 12).

Example 10

mRNA extraction was performed using blood. To 100 ul of
peripheral blood (refrigerated), an equal amount of distilled
water was added, and the mixed solution was injected to a
filter Millex SV (filter diameter: 25 mm, pore size: 5 um).
Then, the filter was washed with 1 ml of PBS and connected
to a filter Millex HV (filter diameter: 13 mm, pore size: 0.45
pm).

A PBS solution of a surfactant was pressure-injected in an
amount of 500 ul from the inlet of the Millex SV using a
syringe. The surfactant was 0.075% Triton X-100, 0.55% Brij
35, or 0.043% Brij 58. All of these concentrations correspond
to 5 times the CMCs of the surfactants.

To the eluted solution, 30 pl of FastTrack™ MAG beads
was added, and 50 pl (Y10 volume) of a 3 M NaCl solution was
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further added thereto instead of a binding bufter solution. The
mixture was heated at 70° C. for 5 minutes and then stirred at
room temperature for 10 minutes to bind oligo(dT) on the
beads to mRNA. The beads were washed with a washing
solution included therein. Then, mRNA was recovered using
RNase-free water. In the same way as in Example 8, cDNA
was further synthesized, and GAPDH or (-actin gene ampli-
fication was confirmed through PCR reaction to confirm the
presence of mRNA. The amounts of amplification products
were 2 to 4 ng/ul (GAPDH) and 5 to 6 ng/ul (f-actin) for all
the surfactants (FIG. 13).

This indicates that mRNA can be recovered by: passing
hemolyzed blood through a filter (Millex SV); washing off
components other than white blood cells using PBS; then
connecting a filter for nuclear separation (Millex HV) thereto;
pressure-injecting a surfactant at a concentration 5 times its
CMC using a syringe from above the Millex SV; and adding
oligo(dT)-bound magnetic beads to the surfactant solution
that has passed therethrough.

Example 11

To the filter with the nuclear fraction captured thereon in
Example 6, 200 pl of a 10 mM tris-HCI buffer solution (pH
8.0) containing 1% SDS and 1 mM EDTA and 10 pl of 20
mg/ml proteinase K was added. The nuclear fraction on the
filter was recovered by pushing out air in the direction oppo-
site to the usual direction using an air-filled syringe barrel.
This fraction was reacted at 37° C. for 60 minutes and then
mixed with sodium iodide added at a final concentration of
4.5 M and then with 0.5 ml isopropanol added. After centrifu-
gation at 12000 rpm for 10 minutes, DNA was recovered as
precipitates. The obtained DNA was washed with 40% iso-
propanol, then dried, and then dissolved in a TE buffer solu-
tion (10 mM tris-HCI buffer solution (pH 8.0) containing 1
mM EDTA) to obtain DNA.

Example 12

To 1 ml of peripheral blood, 1 ml of RNase-free distilled
water was added. In the same way as in Example 10, the
mixed solution was passed through Millex SV to capture
white blood cells on the filter. Then, the filter was washed with
5 ml of PBS. In the same way as in Example 10, Millex HV
was connected to the Millex SV. Triton X-100 at a concen-
tration 0£0.075% corresponding to a concentration 5 times its
CMC was pressure-injected using a syringe from above the
Millex SV.

A series of 2-fold dilution of the extract was prepared, then
injected at a concentration of 100 pl/well to a microtiter plate,
and fixed overnight at 4° C. The plate was washed twice with
PBS containing 0.05% Tween 20 and reacted at room tem-
perature for 2 hours with a solution of 1/100 diluted mouse
GAPDH antibodies (manufactured by LFR) as primary anti-
bodies. Again, the plate was washed twice with PBS contain-
ing 0.05% Tween 20 and then reacted with horseradish per-
oxidase-conjugated goat anti-mouse IgG as secondary
antibodies. Then, proteins were quantified based on the
degree of color development according to a standard method.

Significant color development was observed from the
series of 1/8 to 1/64 dilutions, demonstrating that protein
detection through antigen-antibody reaction could be
achieved.

The present invention is not limited to the above embodi-
ments and various changes and modifications can be made
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within the spirit and scope of the present invention. Therefore
to apprise the public of the scope of the present invention, the
following claims are made.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2009-132911, filed Jun. 2, 2009, which is
hereby incorporated by reference herein in its entirety.

The invention claimed is:

1. A method for preparing, from one cell, each of a protein,
DNA, and RNA, comprising performing nuclear and cyto-
plasmic separation by: treating the cell with a surfactant solu-
tion that lyses cell membranes but does not lyse nuclear
membranes; homogenizing the treated cell solution by pass-
ing the treated cell solution thus obtained through a first filter
which is a channel having a pore size that is impenetrable to
cells but allows nuclei to pass therethrough; and further pass-
ing the treated cell solution thus obtained through a second
filter comprising a membrane having such a pore size as to be
impenetrable to nuclei but allow cytoplasmic ribosomes to
pass therethrough; and then extracting each of a protein,
DNA, and RNA, wherein the second filter is connected to the
first filter such that the second filter is placed subsequent to
the first filter, and wherein the second filter has a smaller area
than the first filter.

2. The preparation method according to claim 1, wherein
the surfactant is a nonionic surfactant and has a concentration
not lower than its CMC (critical micelle concentration) and
within 10 times its CMC (critical micelle concentration), and
wherein the CMC (critical micelle concentration) refers to the
minimal concentration of the surfactant necessary for form-
ing a micelle of the surfactant.

3. The preparation method according to claim 1, wherein
the pore size of the membrane is 0.2 to 5.0 um.

4. The preparation method according to claim 3, wherein
the pore size of the membrane is 0.2 to 1 um.

5. The preparation method according to claim 1, wherein
the pore size of the channel is 1.0 to 8.0 pm.

6. The preparation method according to claim 1, wherein
the pore size of the channel is 1.0 to 5.0 pm.

7. The preparation method according to claim 1, compris-
ing:

using the first filter to capture a cell on the first filter;

injecting the surfactant solution onto the first filter to cause

reaction with the cell captured on the first filter;

and

passing a liquid through the first filter and the second filter

by pressure injection to homogenize the treated cell
solution, and to capture the nucleus on the second filter
while passing a cytoplasmic fraction therethrough.

8. The preparation method according to claim 7, wherein
the cell preparation method further comprises recovering
mRNA through the reaction of the cytoplasmic fraction that
has passed through the two filters with an oligo(dT)-bound
support.

9. The preparation method according to claim 7, wherein
the cytoplasmic fraction that has passed through the two
filters is used in protein analysis.

10. The preparation method according to claim 1, wherein
the area ratio between the second filter and the first filter is
50% or lower.
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11. A method for preparing, from one cell, each of a pro-
tein, DNA, and RNA, comprising performing nuclear and
cytoplasmic separation by:

treating the cell with a surfactant solution that lyses cell

membranes but does not lyse nuclear membranes; 5
homogenizing the treated cell solution by passing the
treated cell solution thus obtained through a first filter by
pressure injection, the first filter being a channel having
apore size that is impenetrable to cells but allows nuclei

to pass therethrough; and further passing the treated cell 10
solution thus obtained through a second filter by pres-
sure injection, the second filter comprising a membrane
having such a pore size as to be impenetrable to nuclei
but allow cytoplasmic ribosomes to pass therethrough;
and then extracting each of a protein, DNA, and RNA, 15
wherein the surfactant is a nonionic surfactant and has a
concentration 1 to 5 times its CMC (critical micelle
concentration), and wherein the CMC (critical micelle
concentration) refers to the minimal concentration of the
surfactant necessary for forming a micelle of the surfac- 20
tant wherein the second filter is connected to the first
filter such that the second filter is placed subsequent to
the first filter, and wherein the second filter has a smaller
area than the first filter.

12. The preparation method according to claim 11, wherein 25
the area ratio between the second filter and the first filter is
50% or lower.



